Abstract: Conversion of Bio-Ethanol into hydrocarbons has been studied on
Introduction
Conversion of bioethanol into hydrocarbons has raised considerable interest in scientific community in the last years, particularly since the price of fossil fuels increased and environmental policies became stricter. Bioethanol transformation to hydrocarbons can be used as fuel in transportation. Light olefins such as ethylene, propylene are important intermediate and building blocks in petrochemicals industry; ethylene is the most widely produce in chemical industry. HZSM-5 zeolite was developed by the time 1970 at this time of oil crises the synthesis gasoline because of break demand of hydrocarbons was found to be promising. Preparation of HZSM-5 catalyst by 4 wt% nickel oxide, ammonium oxide and cobalt oxide increases the conversion and product yield of hydrocarbons particularly light olefins. Using impregnation method technique ZSM-5 catalyst has been modified by loading with different weight percent of metals [1] [2] [3] [4] [5] [6] .
Catalytic dehydration of ethanol to ethylene and ethanol to aromatics are some of studies in this direction [1] [2] [3] [4] . Conversion of ethanol to hydrocarbons over zeolite has been studied due to increase demand of hydrocarbons in the market [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Objective of this work is to investigate the influence of nickel oxide, ammonium oxide and cobalt oxide loading on catalytic performance of HZSM-5.
In this study the important of nickel oxide, ammonium oxide and cobalt oxide doping HZSM-5 catalyst has been studied for the selective conversion of ethanol and hydrocarbon yield. Effect of nickel oxide, ammonium oxide and cobalt oxide doping over HZSM-5 catalyst was also investigated the activity and selectivity of HZSM-5 catalyst for ethanol into hydrocarbons process. The catalysts were characterized by different technique including BET surface area analyzer, X-ray diffraction (XRD) and thermos gravimetric analysis (TGA).
Catalyst Modification
HZSM-5 was used as support for nickel oxide, ammonium oxide and cobalt oxide, catalyst was prepared by impregnation method technique with 4 wt%, nickel oxide, ammonium oxide and cobalt oxide doped HZSM-5 catalyst and the final solution was stirred for 11 h at 308 K, and the final slurry was transferred to rotary evaporator to remove excess water under vacuum at 343 K, followed by drying in an oven at 383 K for 8 h. The dried pellet was calcined in the furnace at 823 K for 5 h.
Catalyst characterization
The prepared catalysts were characterized by X-ray diffraction (XRD), Surface area and pore size analyzer and TGA was used to analyze weight loss during heat treatment and to estimate the coke deposited on the catalyst surface after reaction
Experimental Work
Zeolite HZSM-5 is the catalyst used for ethanol to hydrocarbon conversion; it was used as a support for nickel oxide, ammonium oxide and cobalt oxide respectively. Catalyst was prepared by doping separately 4wt% ammonium oxide, 4wt % cobalt oxide and cobalt oxide onto zeolite HZSM-5 prepared by impregnation method. The final solution was stirred for 11 h at 308 K. The final catalyst slurry was transferred to a rotary evaporator to remove excess water under vacuum at 343 K followed by drying in an oven at 383 K for 11 h. The pellet catalyst which dried was calcined in a furnace at 833 K for 8 h to decompose cobalt ammonium, nickel complex to nickel oxide, ammonium oxide and cobalt oxide.
The prepared catalysts were characterized by X-ray diffraction (XRD), Surface area and pore size analyzer, Metal trace analyzer and TGA as well as burning sample from used and fresh catalyst to see the deactivation of zeolite catalyst. The surface areas and pore volumes of the catalysts were determined by using BET surface area analyzer by adsorption with nitrogen (99.99 % purity) at 77 K, employing the static volumetric technique. The samples were placed in the evacuated sample tube, then cooled to cryogenic temperature and then exposed to the analysis gas at controlled pressures. With each incremental pressure, a gas molecules number adsorbed on the surface increases. The pressure at which adsorption equilibrium occurs was measured and quantity of gas adsorbed was determined.
ETH reaction was conducted at 450 °C in fixed bed reactor using 2 gm of the catalyst. All the HZSM-5 catalysts were compared for their performance for ethanol conversion by conducting experiments under identical conditions. The reaction temperature was measured by K type thermocouple inserted in the reactor by thermocouple. Prior to reaction, the sample of 1.5g were pretreated in nitrogen at 400°C for 2 h. Liquid ethanol was fed and evaporated by preheater at 200°C to reactor by a precipitating pump and vaporized ethanol was made to enter in reactor at WHSV=2.5h -1 .The reactor products was analyzed by gas chromatographs: flame ionization detector and thermal conductivity detector (FID and TCD).
TGA was used to determine the loss of weight during heat treatment and also estimate the coke deposited on the catalyst surface after reaction. The catalyst samples were crushed to fine powder and then transferred to a microbalance placed inside the temperature programmable furnace. The variation in mass of the catalyst was determined with the increase in temperature, due to burning of coke deposit over HZSM-5 catalyst.
Another experiment has been done to determine coke deposit over HZS-5 catalyst, was burning the catalyst used samples in muffle furnace to burn the formed coke over HZSM-5 catalyst after 20 h run.
Result and Discussion
The surface area and pore volume of the catalyst were evaluated by BET surface area technique. The surface area of catalyst decreases on loading of cobalt oxide, nickel oxide and ammonium oxide. The surface area and pore volume of the catalyst were determined by BET surface area technique. The surface area of catalyst decreases on doping of metal oxide. Volume of N 2 adsorbed decreased with 4wt% of cobalt oxide, 4wt% nickel oxide and 4wt% ammonium oxide due to partial coverage of the surface with these metal oxides. It was observed that ammonium oxide, cobalt oxide and nickel oxide may enter into the channels. During experimental run it was found that coke filled the pores of HZSM-5 catalyst because of there is decrease in the pore volume and surface area of catalyst.
Crystalline phase is present in ammonium oxide, cobalt oxide and nickel oxide HZSM-5 catalyst. In crystalline phase no any new species were observed by XRD in the metal oxides doped HZSM-5. The intensity of metal oxide doped catalyst had slightly decreased. It was observed that the overall structure of catalysts remained almost same with no clear change. The TG analysis was performed to study the coke deposition on, HZ (0) and HZ (1) Effect of HZ (1) on conversion and products yield as function of time on stream has been shown in Fig. 2 and Fig. 3 . Compared with HZ (0), HZ (2), HZ (3) catalysts, an increase in conversion and hydrocarbon yield was observed with HZ (1). The major products of the reaction were methane, ethylene, propylene, dimethyl ether, xylene, isopropyl benzene, toluene, ethyl benzene, trimethyl benzene and tetra methylbenzene. Fig. 2 shows a comparison of effect of run time on conversion with HZ (0), HZ (1), HZ (2) and HZ (3) catalysts.
As can be seen from Fig. 2 , conversion of ethanol decreases with increase in time on stream. Initial conversion of HZ (0), HZ (1), HZ (2), and HZ (3) were 76.4%, 98.3%, 97.81 and 87.35% respectively and after 20 h run ethanol conversion decreased to 49.3.3%, 79.9%, 68.9% and 60.75% respectively for these catalysts. 
HZSM-5 Samples

